Field Information Agency, 
Technical 
Cold-Ray Pasteurization of Milk 
Final Report No. 107 x, 


a eee Seine et re 
\ le 1 higi'geesa Center 


BAN ON --T EA PARRY | - 
HO. <i FILE bull 
a 63 < iW Roa Woae \ 


Oifice of Military Government 
for Germany (U.S.) 


Arr 


OFFICE OF MILITARY GOVERMIEYT FOR GERMANY (U.S. ) 
i of the . Chief of Steff = 


1 February 1946 


COLD=RAY PASTHURIZATION OF MILK 


BY 


(Cle) Oks ISAS 


Joint Intelligence Objectives Agency 


TS LSSURD ACL Teas 
FMCW Me Whaisic 


TON C_NNOT 


30 APR 1946 


TABLE OF CONTENTS 


Pege No: 


Suv ject 
Sources of I-fsrmation 2 
Ultra-violet Rey i chines 2 
Use of S 211 Ultra-violet Mschine 5 
Use of L:rge Uitra-violet Mochine q 
Efficiency of S-all Mechine as a P:steurizer 7 
9/10 


Puvolications 


Der Pr euszischen Versuchs und Forschungsandstelt 


wig Milchwirtschaft, Kiel, 5/9. cane enen WeGe 


Cold-Rey Pesteurization.of Milk 


Cola ray pasteurization of milk represents an objective 
which the Institute hopes to attain with the use of an ultra- 
violet ray machine, invented by Siomensschuckeryverke, Siemens= 
Stadt, near Spundau, Berlin, 


Sources of Information 


Tkere are only two of these machines in existence. Both 
are installed in. the plant of Hensa Meicri Focherberger Allee, - 
Lubeck, which produces eveporated milk and milk powder. One 
is a machine of small capacity; the other of a larger size 
which is considered feasible for commercial oneration. Both 
machines were inspected on 30 July 1945 and again on 31 July 
1945, but briefly, because of time limitations. A few rough 
measurenients of overall dimensions were taken but all figures, 
as to sizes of tubes and capacities of machines, were odtained 
in discussions with Dr. Frenz Olcenberg, Dr. Alsrecht Voss , 
and Dr. dan Tue.ter, of Hansa Meicrei, Liiceck. Between the 
two inspections of the machines, Prot. Ditpd.. Lie Kerio 
at der Preuszischen Vorsuchs-und Forschungsanstalt fur iilech- 
wirtschaft, Kicl, and Dr. Jess Christoshersen, Institut fur 
Virusforschung, Sielveck, were interviewed. 

Machines: 


Sicicns Ultra-Violet Ra 


The small machine consists essentially of a auartz tube, 
Said to be 110 setres long in spiral form and a source of 
ultra violet rays. T 9 spiral tube is anvroximately 1 cm. 
outside diameter. The diameter of the spiral is approximately 
13 inches, length approximately 62 inches. 


T*e coiled tube is mounted in horizonta .L position with- 
in a roughly constructed cylinder (atout 24" in dismeter and 
70" long) of sheet metal, eppcari ng to be either stainless 
Steel or a white metal alloy. Eés of the enclosure are of 
wood. In the centre of each wooden end is a series of holes 

arranged in a circle of about 8" diameter. 


The holes are large enough to take mercury vapour subes 

having outside diameter of 8-10 mn. Frur mercury vapour 

tubes, esch about 4° longer than the enclosure of the coil, 

are supported horizontally in these holes. The spacing be- 
fween the tubes is not uniform but is approximately so. These 
tubes, of course, extend through the apparatus within the coil 
described above. Four similar tubes, placed approximately 13” 
epart at the four corners of a square, extend through the 
apparatus outside of the coil. A rough sketch indicating the 
location of essential parts in end elevation is shown in Fig. 1 


Connection at each end of the quartz.tube coil is.made 
by means of rubber tubing. 


Milk is forced through the coil by means of a pumn of 
rotary design. 


This machine is being used commercially for vitamin D 
enrichment only; not for pasteurization. The modified milk 
product being treated has approximately GO per cent solid 
contént and is put through the apparatus, according to Dr. 
Tienter, at a rate of 200 litres per hour. It is afterwards 
spray dried. 


4. 


In the power circuit are four transformers bearing the 
followintg specifications: 


Type SE 50/2X1 


KVA 0.1 : ' Cycles 50 
Schaller £ Oo eCaliung ST 
Volt 220 2X 1000 
Avnere 0.46 0.050 


Serial numbers of two of the transformers: B17845 
and B17846. 


Toe large machine is contained within a rectilinear 
sheet metal cabinet, having lateral dimensions of a&pproxi- 
mately 4! and 3 2/4! respectively and height of anproxi- 
mately 7H, This cabinet was made by Ecward Anloorn, 
Hildeshein. 


The tubes for liquid are arrenged in three spirals, 
each of which is made up of 50 straight quartz tubes 2 metres 
long with U-tube connectors made of polyvinyl.resin.. The 

three spirals are connected in parallel to an intake manifold. 
of 1" sanitary piping extending across the vottom of one side 


of the cabinet on the outside. WThcy are likewise connected in 


parallel to an exhaust manifold of similar construction to the 
intake manifold. This extends across the bottom of the other 
side of the cabinet on the outside. T sre is a sanitary valve 
in each inlet pine and each outlet pine. 


It was impossible to obtain a measurement of the tubes 
but Pr-f. Plock estimated the inside diameter as between 9 and 
11 mm. and the wall thickness as betwecn 1.5 and 2 mm. Prof. 

Plock seid the tubes were not uniform because they were hand-. 
drawn. Tho plan was to use machine-drawn tubes in future 
machines, - 


The three tubular spirals are placed side by side, ‘slight- 
ly less than six inches apart. B-tweon No. 1 spiral and the 
wall of the cabinet is a row of four taercury vapour tubes in 
vertical position, about 24" from the tubes of the spiral. | 
A similar row of four mercury vapour tubes is placed between 
No. S spiral and the opposite wall of the cabinet, as well as. 
between spirals No. 1 and No. 2, bctween spirals No. 2 and 
No. 3, and through the centre of each spiral. Thus, there 
are seven rows of mercury vapour tubes - four tubes in cach 
row. st a ‘ 


A rough sketch indicating the locations of essential. 
parts in end elevation is shown in Figure 2. A rough sketch 
of the plan of the machine, showing essential parts, is shown 
in Fisure 3, 


Licuid is fed to the machine through a2 rotary milk pump. 
Milk has never been passed through the : Peontne: In a mech- 
anical test with water, with the inlct and outlet valves wide 
open, the flow was 1200 litres/hour when gauge pressure at 
the intake manifold was six atmospheres, 


When the machine was shipped by Sicmens-Schuckertwerke 
to Hensa Meierei, the transformers were dam.ged by water and 
at the time of this investigation they were ned ebunem tor 
repairs. It was expected that the repairs would be com- 
pleted by about A'must 4, 1945. 


Use of Snell U-V Mz chine 


The large ultra-violet ray machine is to be a part of a 
ew production system for modified milk in. powderod form. 
This product is now being enriched with vitamin: D by passing 

the liquid concentrate of anproxir tely gO per cent total 
solids content through the small m@schine, thus imperting 
wae D immediately preceding the sorsy ate opera 

Tais is accomplished by passing the licuid une ough the 
a rate of 200 litres per hour’. 


Considering the internal diameter of the quartz tube to 
be 7 mm on the average, the liguid cepsacity of the 110 metres 
Of tube in’ the coll would be. 4.235 litres, Thc length of ex-= 
posure of the product to ultra violet rays in the machine, 
therefore, would be 1.26 minutos, at 200 l/h. 


The modified mi pered as follows: (informa ion 
Pier De, peav ose and Dr, Tuenter.) 


Tne basis material is formed by first mixing 1.3 parts 
of skimmed milk (0-0.02% aa with 2.7 parts of whey (0-0.05% 
top). ¢ Sleticvent cream as added to brine fat content + 
oper cent. Lrom three add pees parts of whey, £ 
is extracted by adding from 4 to 1 per cent calcium ohlori dow 
(Cs Cl, ),, heating, filtcring ‘and was shing with cold water. 
Sen es oxtr: ot hes abdut Ayo. solids. This is edded to the above 


mixture of skimmed milk, whey and cream. The analysis of the 
mixture is shown in Tavle 1. é 


TABLE 1 (composition of modified 
‘addition of milk 

Fat 

Cssein 0 

Albumen ; eo 

Milk sugar & 

Ash 0) 


To this mixture milk sugar is added t> increase the milk 
sugar content from 4.5 to 7.4. 


Dr. Tucnter stated that »cfore the addition of albumen 
ang milk sugar, the preparation is condensed by evaporation 
to 40 per cent total solids. Tac composition of the mixture 
which was obtained from the records, however, scéms to be 
solely on the basis of the unconcentrated inaterial. Dr. 
Tucnter stated that the addition of albumen and milk sugar 
results in a reduction in total solids content to 80 per cent. 


© 
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This Liquid conteining 30 ner cent solids is irradiated 
with ultra-violet at monochromatic rays of wave length 2537 A° 
oy passing through the small cuartz tube coil machine at a 
rate of 200 litres/nour; then is powdered by the sprey method. 


The powder is said to contain 250 I.U. vitamin D per 
100 zms. on the basis of bio-assay with rats, and to have the 
composition shown in Table ll. 


TABLE 11 (composition of modified milk powder) 


Fat 22.2% Milk Sugar 54.1% 
Casein 6.5 Ash 5.4 
Albumen-Giobulin 9.8 Vater ZieO 


The pH of the powder is 6.5. 


A sour mix powder also is produced which is identical 
to the above except that the liquid mixture is soured with 
lactis Clemoris to pH 4.6 before irradisting and drying. 

At the present time, milk sugar cannot be obtained for 
use in this product and highly refined wheat starch has been 
substituted. The starch is added at about 25% solids. 


The analysis of the mixture, on the before-concentration 
basis, after the addition of fat, protcin, and starch, is as 
shown in Table lll. 


TABLE 111 (composition of modified milk with 
wheat starch added) 


Fat 6.0 per cent i1ilk Sugar 4.9 per cent 
Cascin 0.9 Wheat starch eed 
Alb.-globulin aa) Ash OVS) 


In caloric-content, this material is idcntical to that 
to which milk sugar is added. Caloric content is shown in 
Table 1V. 


TABLES 1V (Caloric-content per 100 grams of modified milk 
mixture on the Before-Concentration 
basis) 


Per cent Name of Calories/ 
Ineredient 100 gm. 

Do® proteins 9.45 

5.0 fat we 27.0 

7.4 milk sugar 28.97 


BOWL Soe wSb eb amoo cole cts ors 
100 gm. 
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Use of Large U-V Machine 


The larse machihe has »ecn tested only for mechsnical 
tion by pumping water through thé milk tubes, The 

eey of the m-chine for cither vitanin D fortification 
steurization i's unknown. It is’nlenned to use the 

ine for vitamin D: enrichment” only in a new laree seale 
may-drying line which is now beings installed, It is planned 
employ rays of the sume characteristics as those in the 


Sy 


A progress report, undated, of the Bacteriological 
Institute of the Prcuszischen Versucns - und Forschungs-— 
‘fanstelt fir Milchvirtschaft, Micl, makes the following 
er euncement in regard to studies with ths ultru-violst ray 
- machine, : 


(Ate nescaren on co lid pastourizction of milk by 
means of ultra-violet rays. (Lembke, Rickert, 
Thomsen, Christophersen) 
"Results: Alvost complete sterilization of the 
milk iwas attained, wherovy the milk would kee 
approximetcly 24 hours longer. Both svoreforming 
proteolytic bacterin and all pathogenic organisms 
could be positively destroyed. 


“Modified milk is sourced by milk souring bacteria. 
The taste change ¢an be Tegerded as insignificant. 


"Enrichment with vitemin D procceds simultaneously. 
The ultra-violet rays were gsnerated in mercury 
: popens lemps.. ‘ 


12) Examination of the) Lethe aL e 
rays. (Lembke. Christo phe r 


ffect x ultra-violet 

sen) - Ss 

ae. 2 "It appears that lethal ‘effect in the main is 
limited to a definite wave lensth in the ultre- 
Violet spectrum. The eifects that lead to cell 

destruction are to be seen in an injury of the 

enzyme complexes of the bacteric. 


Production of Baby Food upon a Whey Foundstion 

is Combination with Cold Pasteurization. (* embke, 
Ploeck in collaboration with the firm of Sicmens- 
Schuckertwerke 4&.G, end the Hansa-Meierei, Lubec 


"The food closely resembles human milk in 
composition. In order to attain the coed miei yy 
low moisture and high fat content, milk, whey 
and eream are mixed, cold pastourizcd, and 
dricd by the spray method . 

"Results: Complete sterilization; high viteonin 
D content and “rominent benefits for infonts."- 


Neither Prof. Plock nor Dr. Christophersen is intimetely 
acauainted with the procedures end results of the bectecrio- 
logical tests that were mace by Prof. Lembke in studying the 
pesteurigating efficiency of the ultra-violet rey mechine 

and which, according to Prof. Plock, extcendsd over 2 period 
OQmmore than a year. Prof. FPlioek's prin jl Antberest, is 
engineering and Dr. Christophersen'"s work in tne Bactoriological 
tests. They were- able to give certain information about the 
tests, however. : 


Among the microorganisms used in. ‘the ev eoy &s inocula 
for the milk were the non-spore formers, Escher Pons e cold, 
E. typhosa and If, tubcreulosis and the Spors-former, Be subtilis. 
subtilis seemed to be more casily destroyod by the rays 
than did the Hees spore formers. At times, the milk appeared 
te be rendered completely sterile. The rosults, however, ere 
not considered to be sufficiontlvy definite sand consistcnt te 
justify 9 statement that the efficacy of the U-V method for 
pasveurizeation has been proved. At any rate a proccdure which 
could be utilized with confidence in pastovrizing milk by 
means of ulitre=violct rays has not been worked out. 


CS 


The most serious obstacle to practising pasteurization 
Om milk d2es in the failure to peeve ee - mcans of assuring 
DigbeeVCryeparbicke Of bho milic is in contact with the walls 
om the exposed quartz tubo for a ae e length of time 
to enable the rays to destroy the dangcrous microorganisms 
eCenteincd therein. Presume ply the attainment of this ob- 
jecbive can be promoted in only two woys, either allowing 
sufficient longth of time to ensure the necesssry exposure 
to ell particles of milk without grenter turbulenee than is 
provided «t present or to Stone ale aucense Lor inercasing the 
amount o: turbulence in the stream of milk while passing 
through the quartz tubing. Whether or not the leattcr step 
would be helpful or not is still an unanswered question, 


Tt woulda scem thet a large amount of fundamental work 


Temains to be done in developing a me:ns of providing 


Of the factor discussed above. s reéaeson=) 
to the amount of work involved cannot be 
deta on the spaces ts that have beon 
studicd 


nositive control 


All existing records of those experiments ‘are seid to bc in 
the hands of Prof. Andreas Lumbke, who is dsteincd in 
Tbnsheide near Neumitinstcr. Dr. Voss of Honsa Moicroi, 
Buoeck, stated thet Prof. Loembke is at presont, engaged in 
completing those records. : 


Dr. Christophersen, in discussing the cff 
upon spores, statcd that the growth of the spo rf hav 
been merely inhibited. 4s far es could be revealed by the 
microscope, the physical form of the svorcs wes not changed 

by the treatment. Dr. Cnristophersen thought, however, that 
the intensity of the U-V cnergy could be inercased to the _ 
point et which physical destruction would t= Whethor 
ormnob Serious impairment of flavour of the vould occur 
at the seme time appcers’not to be known. as stated 

that the weve length that is being usca » vroduccs 
less change of flavour than other weve 


The cmount of buttcr feat in the milk was said to have 
no 2porceinable effect upon the results obteined, Bither whey 
or cream of apyroximately 16 ner cent butter fat gave approxi- 
mately the same results ss milk having »bout % per cent butter 
feat, such as was genernlly used in the cxpcriments. 


insofar “Ss could be learned, the recovery of visable 
orgenisms in the milk following the: tests was accomplished, 
first, by incubating, without transferring, for 48 hours at 
both 30° sn@ 370 C,' «nd second, by sub-culturing in broth 
covered with paraffin in tubes for 14 deys. 


/Dr, ©. stated that no effect othsr than that of U-V 
contributes to the pestcurization. Tempereture of the milk 
in the peastcurizor was 10-159. 


“Voltage spplicd to the morcury v*pour tubcs wes thought 
to be 1000: v 


+ 


Prof. Plock stated that the heed pestcurizing appar= 
atus used as a control machine in testing the U-V appar- 
apus wes 3 tubular, continuous-type, prstcurizer, in » 
the milk was heated for 46.9 sceonds. This sppsrstus is 
deseripied in a booklet, cntities "Der 'Normalvurhitazcr’ sis 
Grundlage flr die Prlifung von Milcherhitzunesapperston, 
(Bntwicklung und Xonstruktion.) ' by Plock ‘and WUlzholz. 
Published in 1956. : 


In addition to the above mentioned booklet end the 
progress report of which a portion was trenscribed on pages 
7/8 of this report, two reports containing bacteriologicsl 
deta obtained in 1937-38 on various types of high temperature 
short time pastourizetion operntions were obteincd from 
hes RAO e ss 


. 


These titles are as follows: - 


(a) Bericht des Prifungsamtus ftir liilehwirtscharftliche 
Maschinen, Apparate, Gerftc unc Anla er Prousz. 
Veorsuchs-und Forschungsenetalt fur !4lehwirtsche fb in Kiel 
duer dic Priifuns des -stna Spirel-Trommclcraitzcrs Type 

DI fur 750 l/h der F 


irme Borge dorfor-Bisenwerk, Hamburg- 
Bergedorf, als Hocherhi itzcr. (Tests Nov. 25, 1937 to May 


17, 1938. 


1) Bericht des ‘Priifuncs? mbes fur iMilehnwirtschartliche 
schinen, Apprretc, Cerite und Anlegen des Preusz. Versuchs- 
und Forschunes: anstolt fur ilehwirtschaft in Kiel Uber dic 
erufung dcs’ Pl- ttonorbi Lee hstre Tyvpe P6 in Scheltung als 
Kurzzeiterhitzcrs mit ettenhoiszhelter ftir 1000 1 Nenn- 
stundenleistung der Firms. Bergedorfer Biscnyork, Hamburg- 
Jergedarf (Tosts Sept: 30; 1937 to Oct. 19, 1938) 


(Note: This r.>ort (pege 19) contsins date on tests 
of we Gone We uscd 28 control for the tests of the 
sae ‘ 


rhitgung ne ever = 
ungon und Abbilbungon) 


(c) Dic Vorschriften Uo: 
vachung der Molkercicn 
1939. von Seclemann und Plock. 


Item (c) apporently is the Pane for = code of 
rigid Fedeorel re gue hs on senitary trol of the product- 
ion end distribution of fluid milk sna ere which Prot. 
Mlock stotcd aro rigidly onforecd throughout Gcrmany. 


The booklets listed ehove were 111 published before the 
war. The copics canes ined during this investigntion heave been 
forwarded to the Joint Intclligence Objcetives Agency in 


washington. 
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Ultra worl thes 
“Wave lenz/h 2250 A” 
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ELEVATION SECTION 


MIIK tube, quarté, 10m 
aam., “10 m.loag. Coil dain, 
@houk J0cm, ilk rute 300 
Atersfht Coil length about 
48 ™, 


Fitor Mu.k 1eeaviaAToR. 

AY HANSA MEIERE/, LUBECK 
Vinyl return bend 

Plastic unian 

10cm. quartz milk tube 

“Witva violet tube. 


Ulta violet tubes 


Milk tube 


Fig.! Elevation of 
Small Pilot Unit. 


1200 
liters /hv ; 


— Fig.2 Plan and Elevation RAL Berry 
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PLAN SECTION 
MINK tubes /0mm diam. 2m long, £0 tubes in 
each bank, 3 banks. K efurn bends of viny/ plashe 
tubing. Wale tate 400 tifersfhr ta each bank, UY 
tubes as in pilot unit 


Full SCALE ANLK IRPADIA TOR, SIEPIENS SCHUCKERT, 
AT HAMSA MEIEREL LUBECK 
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